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(57) Abstract: 

PURPOSE: To improve the sensitivity of a sensor by 
forming a fixed layer having a multilayered lamination 
structure. 

CONSTITUTION: A Ta film of 70mn is first formed as a 
buffer layer 62 on an Si substrate 61 by DC magnetron 
sputter adhesion at the time of producing the spin valve 
MR sensor 60. Next, a free ferromagnetic material layer 
63 consisting of Ni 81 Fe 19 of 70mn is adhered thereto in 
the presence of an externally impressed magnetic field 
in such a manner that the magnetization direction heads 
an arrow 64 direction (toward the plane of Fig.). Next, 
a Cu layer 65 is adhered at 27mp. thickness on the Ni-Fe 
free layer 63. This Cu layer 65 functions as a 
non-ferromagnetic metallic spacer layer. Electric leads 
80 for forming a circuit route between the MR sensor 60 
and a current source 52 and a sensing means 84. The 
magnetic signal in the medium is detected by the sensing 
means 84 which detects the change AR of the 
resistance value of the MR element at the time when the 
magnetization direction of the free ferromagnetic layer 
63 rotates in responsive with the impressed magnetic 
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(Rh) , -fy>??A (I r) , *iJ:tWi-e>0>£-&a» 

[f***7] »2©3*Kttflc«©jE*fl3«ft*— > V h 
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[t***i o] mmm^&fiK &2<D&m&&mt>o 

$i&s<'(Txm*ffiZ-ZZt&&®t1rZ > ^ Ml** lie 

[f***l 1] ©-vy#>t= y^r 
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[i***i 3] &mt, 

wtiamm*ff& ^^^mcmit^^n^-r^ &&&& 
ft^r6]{e^jKW^sw«c^b^(6iS:*-rsJ; 5(e, 

20 »fRt-f5, • ✓VUT'JK^efii-feV^. 

[1***1 4] m0B£%tttt#R£JB2£>B£&fl£ 

[W**l 5 J RuR3fi«ttWI*^'*«5flC**s#!|3~6 
hn-^©iT'foSrt?r#Si:t5, fit* 
* 1 4 (efE^K)^ b'v • ✓Vi^T'flSaffitS-fe 

[§***l 6] »lfeJ:W*2<OHXE9ft«tt«ciR*s3£* 
fttrN i -F efr(t>ffif$.£tlZ>^k&!&mt-rZ, IS* 

30 * i 4 c:fEtt<£>* • ^ji'T'mm.mji-t^o 

[f***l 7] *l*5±tf*2WH5£»«ttf£ttasS# 
*»fe««Six5wiS:«F»i:-f5, I*** 1 3 iefBigcO 

n***i si mij3£xfim2<Dmm&m&&mK c 

Cr, nWJ* (Rh) , -JDisVA. (I r) , teXTf 

5ItSr»tit4, 1***1 3(efE*co^t°v • 

[f***l 9] ^1 ©I^WtS2©lfMtt 
«c©ff**s«tf|SJC-e*>Sri:Sr«r»i:i-5, 1***1 

[1***2 0] R»«EttWlw«f**ixfc»i*sJ;trilS2 

o7*«:i«r«tit«, f***i 3(clE«gw^^> 
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(©M^attfc^-if/ias, ffi* $B> *iJ:U«» 

[111**26] n2<omm&«M+0B&tiwaztMit&m 
*2 5(rfe«<D->^7 i A <) 

2 7 ] R u SfftKttfttfrfrglOlIC $ iMB 3 ~ 6 
h B-AO«iTfti5 : t Srtii tS, fit* 
JS 2 6 A, 

[ft*JS2 8] J&2<&»flttefcJB I t"©*li3.fct/SS2© 
3S«tt«ERds»*W«-N i -F ej»»&«J*SftS££* 

[W*«2 9] «2©3^tt#JB , t , 0>aSl*i«fct*IB2© 
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3a8a*t:#8ga s . Co, Fe, Ni« fei^tlbco^ 
fte-SBA*. Ru, Cr, cr-^A (Rh) , sfVis^J* 

(i r) , is&Xf*:ti<b<o&&fa(bi8.Z>&fa(bmVl&ti 

tzttnx'mmztiz-kz&wtk-tz, »**2 5«wgs 

[ft*«3l] JB203S»tt«:»*©»l*sJ:t«S2«> 

10 [ft*«3 2 ] KttflMSftlSMJISi-iftiJI! 1 

*th\z.Mux*&>z>^k*&mk1rZ>. tt#S2 5KC« 
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fl«4ffl«Wraro#fl«4*^^«— SB, *J 

[»*S3 4] SE2«)»«ttf*:JifO-*©aSKtt#:a 

RBMKtefWBas, *2WM«ttfl£«*J±t/S5S 

a#^^fi5ci-5r tSrWftt-rs, »#* 2 5 Idle*© 

30 [§S*« 3 6 1 8&^fE«t-r W * * t , 
<D*—?k, 

> • s</i>7M$mtn.-Z>-9-k. 
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40 3L—9k, 
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3 8 ] r u K&m'&.w&'Smnm £ 3-6 

tv^ho-AOilfitbSrt^WitS, fit* 

jg 3 7 (cte^^r-v 7-? ■ k 7 -r -?« 

[ft*^3 9] *fc°v • A^/iiMSS-fevttW^l 
W^^nsrtSrtMRt-rs, fS*:gi3 6l;Ifeffitf>7 ^ ^• 
WfwF e £ix. ^l©i^ittftli:^2« 

*»&«rit$ix4Ci:S:W»i:-r5, »*« 3 6 l::B*W> 
• Y7<C7 a 

o, Fe, Ni> joitJf-^tt^CD^^i^^SpTJ^Jl 
Cr, ai?$M. (Rh) , -Y V v 5 1> A (I r) , io&lf 

[»*«4 4l jHWttf**'*-***, «K *5 
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V tf J; U«= S"5r/U - -7 V V frh F& £ mfrb 5gtR $ 
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20 UT*fl:-r5 £ ^ 5 . (AMR) 

[0 0 0 3] g^BS^SSt (GMR) £l^litL5> 
\zis\,-Xffi.&£nx\,^ 0 ^<D&*#)Wm-i. '>&<£ 
jitv^ritfcS. :©GMRMii, &B£14{Wi<D 

iftV^3fi«ttife'S'Sr*i _ Fe/Cr, Co/Cu. Co 

£ k <t <>xttR<D&mvj-&m<omtt#}Wift&mkirz> d 
su^ft u , Lfc^o xmm<r>n%,m.miM.ftM it-t z . 

[0004] GMR^^tcWffl^ffl^Jfi. ^BStt^M 

> K-T y^lSitT-foSo m—*>jf^ (F 

e-Mn) ^±|C^B5tt^Jgg^f^*LT 2offlf^ 
^-g-T-5C£(cJ:o-C : fT5 r£^T-#5„ rco^*£ 

50 •^^uT'gsmigfit (svmr) tyf^itns. *H 
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#fFjg5 2 0 6 5 9 O-^teS^W^fc: 0 ^ • ^^MR 
•feVI^SrBB^UTV^o *a«pff^5 1 5 9 5 1 3§ 

[0005] *fe«:i»W*j£«t*t>JKv^>f^5 

• U > v> 4:^-^3 * • ^/U^MRir^im, @££ 

^m^#OffffiTT^<^fPU, ^tU-cfcoTirV-y- 

[0 0 0 6] B EfattttmtfM i ©IMMMS-fr*s«/J^ 

MR-tr^i^^*:i6e>nTV^^ 0 
[0 0 0 7] 

ffi^iA Ay *r am e» > * t- a £ »tt-r 5i^tfc^ 0 

[0 0 0 8] 

«tt*»*:ttffli"ao asH^e^, s»«ttw^ (a 
»^j»<i: a f tt^roca«$na*t»^ia'&"er«-jc c 

ffifflco/U^^A (Ru) lgiaot5)IJix/':^-^ 
(Ni-Fe) 0 2o<aRa>e>JKrit£ix5 0 B5£ 
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[0 0 0 9] *»MottK*3j:tJ*J^S:*?>^+4>^a 
[0 0 10] 

[0 0 1 l ] Ml &&M1rZ>t, MRi?>if-£/B^<5« 

i £{i;i5o * i oia±y*>( x?mm*r—* 1 2 t 

T?^z*.=.~ * 1 4dSBl>9f+tt&iXTV^S 0 ^ 1 0 
20 ^^v^v-^SrWfiE-f-So l 0 t*'<- 1 

KDmctfxtry hi 3j&sstf-e>n, j&^ot^ • k 

i 6j&S'V71 8 M Jzo-CfEfi&^e — * 1 2(ril^$n 
6o flMREft^-f ^^ttJEft^e— * l 2{cJ:oTlH]te$ 

p^-r^ffi^co^MSfei (mr) gg^^ h^^fa- y- 

*<T V '^7-f^2 0fitlt>S^V^r-A2 2 4o J: 
(/f^yy 3 y2 4iaoT7^fax-^ 1 4 {C* 
^^iX^o t^^3V2 4lt ^7^^2 0«g 
ESt'W^^ 1 6 0^ffi_h(CJf LtttfZ'^TXjj&m 

2tt««E»7 f -f i 6*rjea-e0c**, a#«y 
40 ^ • ^ • =^>r^ • (vcm) *fc«:iate# 
. ^^/u . ^-n'fc^r^^x-^ i 4/5^r 
•^7yy^-x7^y20^, — jttKjBftEWT'-f ^ 

[0 0 1 2] IU2ii x 1 1 Sr^L^T'^^^ . k 

>">3 ^2 4 £!¥^C;^-rt>CQ-C&>5o *y-^"0>3 > 
50 |i, #S4#!¥gS4 1 6 7 7 6 5^«iS(CE®$nTV^ 
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(aot, *?4?xt*LT • y ^_k«c*o-c«is 

^•itife/^SlHlSSJC «t otfel ^ntf-^ WtZhM Lit 

TVn 7Sr^LT*aHa»^y^l 5~*iifr 0 :o 
««EK^2/^l4-tOltlAflr**:^— ^1 9^Lt 

[0 0 13] *ySftftra«x>f ^left^xAKo^ 

-cco_hiecof£^, io<tt/asf+oigi i!ia2f4SiM^fci6 

f4^ < ofrCDX ?4 y&^ftfX'Z Z> r <h jWJJ t^T* 

fo5 0 K • y -VJ4. • -<7yy^ • 

* t««^*tt«B*^f4»«^iS^ttffiJ-«t«F"rS t>*> 
"Cfc 4V\, 

[0014] RCi 3 £#flSi-S £ , ££#EcO;* t°> - 
/U^MRirV-y-3 0(4, tztzLtt, -fe^Sy 

{-^Sril 3 3 £ , mi <z>»v 'ttttWSftfl 3 5 <b , »v * 

3 9i^f$W 0 MR-t?>-^3 0i4, Hll;fc4Uq2 
2co^V*^ • K^-Y ^ • v^-r-M^ttS h -7 
a— y-2 5<D-n&ffif&L,Xh £< s S«3 1 (4^5/ K 
•^rt!i irf fttot>^T • -<T !)y^^7^f^20^ 
W^otUl\ feO^SBRl 
j»»#riq?£Lft^i:#f4, 2oO»«ttft:l3 5, 3 
9f4, -tix-¥fixffiSJc^Pn 3 2 , 3 8T^tJ:9(:, fe 
SA*. ffiL<tt»90S©lSittft5. 3$f£ttf«i 
3 5 {4, 13 5CO±co?R»^HlT^"rj:9{w. ^SRfftfJD 
(l2 3^*-rBS#h/«C<!f > ) {Ci^CT-en^^f^fp] 

6 0 aa»ttf«i 3 9 ^Hi3 8-e^-r<t9(-> -t*>« 
t xyow^nmm 4 1 3 9 ^ m% 

««LTft*$lx"C, ^i:«^7^BIP^g 
goa^Sr»*LV^^j(cH^LT, «#«#0(KHrt 

X;*H4 1 *4iiS, (Fe-Mn) y 

^r/U-^V^/V (Ni-Mn) ft £\ iSSftS^B«4* 
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ffl^T, *>5VM4aft«4>»T**ne>ixTt^aJ3iJoiaSft 

[0 0 15] B4f±H3<o*ig<a»ffiia^fcaa^ 3cEP 
3 8T'/Tti;9^> i^i3 9cogft*f^Wl:t^ 

wi?c9 ommmz^xtbZo a^Btt(^i3 9 

14. L^KIbOfc£>l^ ^313 SXTfk-TX 0 

«*»3 6-c*t) a5a*5$ 

10 M&ftm 3 5 ^f^fflSrXiaf-r. *0>»«l4IMi 3 5« 
2tLT^9 0«<7)^S3r/£-r o B£»ittM3 9^& 

co ~ co&£# iao-c@i &m&&m 3 5to«<ww 

— Jcft6 0 ift»ltt(*:i3 5(4^b°>' • ^<yu^MRir 

[0 0 16] *B9JI-*5^-Cf4, *-Jf ^B;£&B£t*<£ 

20 *t*:'>ft< <h fc 2oott«ttflc«Sr^tpaB«|iSS:fflv^ 
5 Q 2o^»«tt#«^H*«lt^«S^R5ptTiwiBi6i 

•rs«t5J-. 2oo^«ttft:jg(42a«jftais*3cttj«i3p:s 

[0 0 17] • s</ls7ffim<D&'2i Lt^H 

ifefisj^ia 5 i^m&ii^'to m 5 i^^-r^ • y<^y 

(Ta) g^^y (S i) S«6 1±^««*6 
30 (BI5COJKffi^l6]^5) tftSctpJ-x ^»BPlB«ffO 

»tt*«6 3Srf+»Lfc. ftV^Ni-FeSM63 
(Cu) 1 6 5 ^ 2 7 ^> ^ h n - A(7)J?$ C 
tt*Lfco w^fflJlf4^ai4^JR^^— Itl 
tg-T5c wCOHJ£0iJir*5V^"CJ4CuS:^^— i^Si: LT 
m^tltiK »(Ag) ,4 (Au) fci^Hb^ 

-e#So ia3^*Lfc«e5fefi«^«igi-i3it5m— h<o 

@^@3 9^ft*3 9(^ffll^5>naH^3fiKttfr«7 0 
40 14, fiB^-X^— »-«6 5±iwigg5?Bfi8$nfcJP:$ 3 o^t- 
y h d - A(7)i 1 ^)N i „ F e 19 fll 7 2 CCO^ 
ICON i - Fell7 2 ±|C#*$ixfcff * 5^V^X h 
p— jUC0/1/-7^ r> (Ru) I73i, r CO R u II 7 3 
±.lZj&f$L£ti1zm£ 3 0^->^^ hn-AC0^2cON i 

.,f e„i7 4t*^ts&mwmmmmx&>z> 0 2oco 

B£»tttt#R 7 2 £ 7 4 f4, g ft^ti N i-Fe| 
6 3CDM**{caiJPSix5«#^b*^9 OSElteLfcPP 
*DB*S^#&T-Cf**$ii:fco ^^:v^-em2 0N i -F e 
117 4_b(C/^$ 9 O^y^ h u— jUCO^-^^^/V 
50 (Fe-Mn) g6 6^f It, $2©Ni-Feg 
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7 4t^ft$-frt 0 Mcm^. Fe-Mni66±C 
m£ 2 5*>?X hn-^Ru^rt^i6 7 
LfCo ^C0fiiic7)igS^^^^^ttWfi, (T 
a) , vvU^^jU (Zr) . ££:f3:C u <h Au<7)£-fe 

[0 0 18] El5tC!^ MRir>if^^mieS^V^-T-A 

8S§HMt6tfe(DlMy- K8 oas»»-e>ft*o s 
boEnso«»«-§-^«« it g Aifttttt^Ji 6 3 

[0 0 19] *fJf B£/l7 0 4 3 ^2o(7)N i -F e jjl 7 
2 N 7 4<Dffiikjjfa&an^:ti%:Efl7 6, 7 8t/Tt 9 
2 0(7)N i - F efi|7 2, 7 4 c7)^>ft:^S¥tT(-^'J^ 

2 OC0N i — F e flU 7 2 N 7 4 CO/? $ C"Cfc6 

J-*<*5o L/i^oT, @^i7 0iaot^$ix 
3£BStt#@ 6 3 (DMitjjfa 6 4 K#»*&ff1-«JWS# 

[0020] mzm6&£x*m7 zmm-tzk. 

fcco) |dol>T^>^7 7T*fc«9. [2 7 fiH 5 3r#flg Lt 

[0 0 2 1 ] E5(^UfcHJ6CT(^*3t^-Ctt, @5£33tB£ 
4£^fr 0 ^nbcojlii^— (^AF^g7 3ic£oX 

[0 0 2 2] ai@^l7 0t«tt»:^7 2, 7 4 
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-Fe/RuOfi^i^|:it Ru^AFjg^ 

$ 3 O^rls?* h a— ACON i M F e M /RuCO|l^ 

:7T*fo5 0 ^^HIB^^t: 0 -^ ((18(CAF i Lt/f 
-t) i*. 2 OON i - F e M0KiMttl£&&*S3B£ L 
10 T, 2O0N i - F elf^I^-^ y h^gffS(7)S 
5Pfif«EM<-*5je*Srt>fc6i-«t 5fcff£-C*>S. 08 
ic^-Tct^^, S^^SMttXM^iSliftl 0^ 
^)iv#$tl4tSo L*)>U AF 
li, l^t»oe°y^-;M^f a is if 

her— A(£>fEfflT*fc5 0 Ltf>U :Offfl(Oi^tt' 
i*. Ru AF^^C0i¥$^SijOfg, fctitf«2 0 

iR*nfc*t^^m-&ii:<?5«fi^B8«fi. Phys. R 
e v. Lett. , Vol. 64, p. 2034 (19 
9 0) mm<Os<—*^> (Parkin) ^S^lCp L 

[oo23] mmmfem i o sr«j*-r* 2 o©aBtt* 
«72, 7 4of^^i:tfe6^ni:, aiftnica 

fern * (oh $ t ^-t? p jE«ast^~ ^ > h ftfrfe-rz 

iot, /h$v^Sflja^#SET-CH3£«7 OcoKfb^ 
^^C^«9, @^l7 0(?)M^fSl^^i9(: 
40 /j?5 0 *H3t5fi«ttR7 2, 7 4coJ?$Sr$fJ^i-r 

Fe-Mni6 6©5!*/<>f7^iff* 

r&i^*J»-e#So rix^fe5ffi^)MR^(c*5v>-cai 

U^ii5fcS 0 2oOR7 2M4OTft^l^- 
^ > h 2 oogo 5 ^gtoB^-^ v h \c 

*^»fb*r^7 8«i#*^oRiJo«#cWTi: 

[0 0 2 4] ^ • ^/i^MR-tr^lf^tf^JiS^Ji 
50 S:, »«ttflsi«*5±VAFfe*H[i: UT*ix-P<x»* L 
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l/MWN i -F e teXlfR u Ztizm^tzm-S-lZOlt^XTn 
LtztiK m<ntt&<nm-£-£, tz t <? o ^ (Fe 

/Cr) ^, mn&m&W®- (fci^LliCo. Fe, N 
i, i6i.XJ^ttvh<D^^ tz t i-Fe, Ni- 

Co, Fe-Co) ifdKDAF^-g-Bf (tiitfRu, 
Cr, n-^A (Rh) , !) (I r) , ioXlf 

X otetfm<D&ffl.-&l£ld\,^X, Ni-Fe/Rui:» 

i^ftv^^-, 2<><D&M&tem<Dmxm%Lm&i&'£t>m 
J; o {c A Fte&l&nmz &m&.xz z <t o (c, 
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